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(54) Electrochromic device and method for manufacturing the same 

(57) An electrochromic device and a method for 
manufacturing the same, which device at least com- 
prises a pair of opposed transparent substrates (1) pro- 
vided with a pair of opposed transparent electrodes 
(2a,2b) therebetween; and an oxidative coloring electro- 
chromic layer (3), a layer comprising an oxidative color- 
ing electrochromic material and a metal oxide (11), a 
transparent ion conductive layer (4), and a reductive 
coloring electrochromic layer (5) provided between the 
pair of transparent electrodes. Thereby, an electrochro- 
mic device can be provided, which device exhibits high 
optical transmrttance during discoloring and shows 
excellent response speed and repeated<lurabilrty when 
being driven at high contrast ratio. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an electrochromic 
device and a method for manufacturing the same, which 
device is used for a display device, a transmittance-var- 
iable filter, etc. 

DESCRIPTION OF THE RELATED ART 

Application of an electrochromic device (EC device) 
colored or discolored (approximately transparent) corre- 
sponding to an applied electrical field to a display 
device, a transmrttance-variabie filter, etc. has been 
investigated. Because the EC device, compared with 
ordinary liquid crystal devices and the like, has high 
optical transmittance at a discolored state, is unaffected 
by polarization, and exhibits a memory effect. 

Fig. 6 shows a complementary type EC device 
which is a known example of the aforementioned EC 
device and is described in Japanese Patent Publication 
No. 60-31355, USP 4.350,414, etc. Five layers are pro- 
vided on a transparent substrate 101 of the device in 
such a way that a reductive coloring electrochromic 
layer 105 composed of tungsten oxide and/or molybde- 
num oxide, an insulating film 1 04 made of tantalum pen- 
tax ide, and an oxidative coloring electrochromic layer 
103 substantially composed of iridium hydroxide and/or 
nickel hydroxide are provided between a pair of elec- 
trode layers 1 02a and 1 02b. 

In addition, another complementary type EC device 
having five layers is disclosed in Japanese Patent Pub- 
lication No. 5-33373. USP 4,652,090, etc. The device 
has a transparent dispersion layer which comprises a 
metal iridium, iridium oxide, or iridium hydroxide dis- 
perse phase and a transparent solid dispersion medium 
as the afore-described oxidative coloring electrochromic 
layer 103. 

Further, Japanese Patent Publication No. 5-58171 
and Japanese Laid-Open Patent Application No. 6- 
27499 disclose methods for manufacturing devices hav- 
ing the above transparent disperse phase. 

However, any of the above devices exhibits slow 
response speed (coloring or discoloring speed) when 
being driven under such a condition that the contrast 
ratio (optical transmittance during discoloring/optical 
transmittance during coloring) is 10 or more. 

To increase the coloring speed, it is required to 
increase the thickness of the reductive coloring electro- 
chromic layer and the oxidative coloring electrochromic 
layer. In the EC devices described in USP 4.350,414. 
etc.. however, optical transmittance of those layers 
decreases with an increase in the thickness of the oxi- 
dative coloring electrochromic layer which has high 
absorbance. In other words, when the thickness of the 
oxidative coloring electrochromic layer is 50 nm or 



more, it is impossible to increase the mean transmit- 
tance at a wavelength band of 400 to 700 nm to more 
than 75% because of an increase in the absorbance. 
The absorbance increases particularly at the shorter 

5 wavelength band of less than 500 nm. Meanwhile, the 
repeated durability and the coloring speed decrease in 
correspondence with the decrease in thickness of the 
layer. In other words, the electrode is reduced while 
repeating coloring and discoloring, resulting in an 

w increase in the absorbance. Moreover, in the EC device 
described in USP 4.652,090. etc., the absorbance 
increases when the thickness of the transparent disper- 
sion layer, i.e., the oxidative coloring electrochromic 
layer, increases. Further, when the transparent disper- 

is sion layer is used as the oxidative coloring electrochro- 
mic layer, sufficient repeated durability cannot be 
obtained even if the layer becomes thicker, that means 
the absorbance increases by the reduction of the elec- 
trode. 

20 In addition, in the EC device described in USP 
4,652,090, etc., the transparent dispersion layer is 
deposited by reactive ion plating, resulting in an unsta- 
ble deposition rate and impaired reproducibility of the 
mixture ratio of the disperse phase to the transparent 

25 dispersion medium. Therefore, a reliable production of 
EC devices exhibiting excellent properties has not yet 
been realized. 

Additionally, the transparent dispersion layers pre- 
pared by the method disclosed in Japanese Patent Pub- 
30 lication No. 5-58171 and Japanese Laid-Open Patent 
Application No. 6-27499 do not exhibit sufficient optical 
transmittance when being applied to EC devices. 

SUMMARY OF THF IMVFMTIQ N 

35 

An object of the present invention is to provide an 
EC device and a method for manufacturing the same, 
which device exhibits high optical transmittance during 
discoloring and shows an excellent response speed and 

40 repeated durability when being driven at a high contrast 
ratio. A further object of the present invention is to pro- 
vide a reliable method for manufacturing an EC device 
having excellent properties. 

According to the present invention, there is pro- 

45 vided an electrochromic device at least having a pair of 
opposed transparent electrodes, an oxidative coloring 
electrochromic layer, a layer comprising an oxidative 
coloring electrochromic material and a metal oxide, a 
transparent ion conductive layer, a reductive coloring 

so electrochromic layer, and the layers being provided 
between the pair of opposed transparent electrodes. 

The present invention further provides an electro- 
chromic device at least having a pair of opposed trans- 
parent electrodes, an oxidative coloring electrochromic 

55 layer, a layer comprising an oxidative coloring electro- 
chromic material and a metal oxide, a transparent ion 
conductive layer, and a reductive coloring electrochro- 
mic layer, wherein the oxidative coloring electrochromic 
layer, the layer comprising an oxidative coloring electro- 
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chromic material and a metal oxide, the transparent ion 
conductive layer, and the reductive coloring electrochro- 
mic layer are successively provided one over the other 
between the pair of opposed transparent electrodes. 

The present invention still further provides an elec- 5 
trochromic device at least having a pair of opposed 
transparent substrates provided with a Pair of opposed 
transparent electrodes therebetween, and an oxidative 
coloring electrochromic layer, a layer comprising an oxi- 
dative coloring electrochromic material and a metal io 
oxide, a transparent ion conductive layer, and a reduc- 
tive coloring electrochromic layer provided between the 
pair of transparent electrodes, wherein at least the oxi- 
dative coloring electrochromic layer, the layer compris- 
ing an oxidative coloring electrochromic material and a is 
metal oxide, the transparent ion conductive layer, and 
the reductive coloring electrochromic layer are encap- 
sulated by a resin. 

The present invention further provides an electro- 
chromic device at least having a pair of opposed trans- 20 
parent substrates provided with a pair of opposed 
transparent electrodes therebetween, and an oxidative 
coloring electrochromic layer, a layer comprising an oxi- 
dative coloring electrochromic material and a metal 
oxide, a transparent ion conductive layer, and a reduc- 2s 
tive coloring electrochromic layer provided between the 
pair of transparent electrodes, wherein the oxidative 
coloring electrochromic layer, the layer comprising an 
oxidative coloring electrochromic material and a metal 
oxide, the transparent ion conductive layer, and the 30 
reductive coloring electrochromic layer are successively 
provided one over the other between the pair of 
opposed transparent electrodes; and at least the oxida- 
tive coloring electrochromic layer, the layer comprising 
an oxidative coloring electrochromic material and a 35 
metal oxide, the transparent ion conductive layer, and 
the reductive coloring electrochromic layer are encap- 
sulated by a resin. 

The present invention still further provides an elec- 
trochromic device at least having a first layer comprising 40 
indium tin oxide; a second layer comprising at least one 
selected from the group of metals consisting of Co, Ni, 
Fe. Ir, Cu, Ru. Rh. Pd, Re. Os, Pt, Ho, Sm, Cr. Dy, and 
Er, oxides of the metals, hydroxides of the metals, oxy- 
hydroxides of the metals, and mixtures thereof; a third 45 
layer comprising at least one compound selected from 
the group consisting of Ti0 2 , Ta 2 0 5 , ZrC^, Hf0 2 . Y 2 0 3 , 
Al 2 0 3 . Si0 2 , and Sn0 2 , and at least one selected from 
the group of metals consisting of Co, Ni, Fe, Ir, Cu, Ru. 
Rh, Pd. Re, Os. Pt. Ho, Sm, Cr, Dy, and Er, oxides of the so 
metals, hydroxides of the metals, oxyhydroxides of the 
metals, and mixtures thereof; a fourth layer comprising 
at least one selected from the group consisting of 
Ja^0^ t Zr0 2 , Si0 2 , and MgF 2 ; a fifth layer comprising at 
least one selected from the group consisting of W0 3 . 55 
M0O3, and Nb20 5 ; and a sixth layer comprising indium 
tin oxide. 

In addition, the present invention provides a method 
for manufacturing an electrochromic device, the device 



at least having a pair of opposed transparent substrates 
provided with a pair of opposed transparent electrodes 
therebetween, and an oxidative coloring electrochromic 
layer, a layer comprising an oxidative coloring electro- 
chromic material and a metal oxide, a transparent ion 
conductive layer, and a reductive coloring electrochro- 
mic layer provided between the pair of transparent elec- 
trodes, the method having a step of depositing the layer 
comprising an oxidative coloring electrochromic mate- 
rial and a metal oxide on one of the oxidative coloring 
electrochromic layer and the transparent ion conductive 
layer by sputtering in an atmosphere selected from the 
group consisting of water vapor, oxygen, a mixture of 
water vapor and oxygen, and a mixture of water vapor 
and argon; and a step of forming the rest of the oxidative 
coloring electrochromic layer and the transparent ion 
conductive layer thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional diagram showing a 
layer structure of an electrochromic device in embodi- 
ment 1 according to the present invention. 

Fig. 2 is a schematic sectional diagram showing a 
modified example of an electrochromic device in 
embodiment 1 according to the present invention. 

Fig. 3 is a schematic sectional diagram showing a 
layer structure of an electrochromic device of embodi- 
ment 2 according to the present invention. 

Fig. 4 is a schematic sectional diagram showing a 
packaged electrochromic device in embodiment 1 
according to the present invention. 

Fig. 5 is a schematic sectional diagram showing a 
modified example of a packaged electrochromic device 
of embodiment 1 according to the present invention. 

Fig. 6 is a schematic sectional diagram showing a 
layer structure of a conventional electrochromic device 
composed of five layers. 

D ESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 
ing description of the preferred embodiments with refer- 
ence to the attached drawings. 

First, embodiment 1 will be explained taken in con- 
junction with Fig. 1 . 

Referring now to Fig. 1, there is shown a layer 
structure of an EC device 10 used in embodiment 1 of 
the present invention. A transparent substrate 1 of the 
EC device 10 is provided with a transparent electrode 
layer 2a, an oxidative coloring electrochromic layer 3, a 
layer 1 1 (referred as to a mixture layer hereinafter) com- 
posed of a mixture of an oxidative coloring electrochro- 
mic material and a metal oxide, a transparent ion 
conductive layer 4, a reductive coloring electrochromic 
layer 5, and a transparent electrode layer 2b thereon in 
that order. That is, the EC device 1 0 employs a six-layer 
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structure instead of the five-layer structure applied to 
conventional EC devices. 

Although the transparent substrate 1 is preferably 
formed of glass, various transparent materials such as 
plastic may be employed depending on the use of the s 
EC device. In addition, an anti-reflection coating (ARC) 
is preferably provided on a surface, reverse to the trans- 
parent electrode layer, of the transparent substrate 1 by 
forming a monolayer of a dielectric material including 
Al 2 0 3 , Ti0 2 . and MgF 2 , or multi-layers composed of a 10 
plurality of different kinds of monolayers. 

Such materials as ln 2 03, SnC^. and ITO (indium tin 
oxide) can be used for transparent electrode layers 2a 
and 2b. Considering an optical property, i.e.. optical 
trans mitt ance, electric resistance and others. ITO is is 
preferable among them, and ITO in which the ratio of 
Ir^Oa to Sn02 is approximately 95:5 is more preferable. 

The oxidative coloring electrochromic layer 3 pref- 
erably contains at least one element selected from the 
group consisting of Co. Ni, Fe. Ir. Cu. Ru. Rh. Pd, Re, 20 
Os, Pt, Ha Sm. Cr, Dy. and Er. The element exists as a 
simple body (M), an oxide (MO*), a hydroxide (IvlfOH)^. 
an axyhydroxide (MOx(OH) y ), or a mixture thereof. Tak- 
ing into consideration optical properties and repeated 
durability, the oxidative coloring electrochromic layer 3 2s 
is more preferably composed of iridium, iridium oxide, 
iridium hydroxide, iridium oxy hydroxide, cobalt, cobalt 
oxide, cobalt hydroxide, cobalt axyhydroxide, nickel, 
nickel oxide, nickel hydroxide, nickel oxyhydraxide. or a 
mixture thereof. 30 

The preferable thickness range of the oxidative 
coloring electrochromic layer 3 is from 1 nm to 50 nm. 
The repeated durability decreases if the thickness is 
under 1 nm, and the absorbance increases when the 
thickness is above 50 nm. 35 

The transparent ion conductive layer 4 is preferably 
composed of Ta 2 0 5f ZrC^, Si0 2 . MgF 2 , or a mixture 
thereof. Considering optical properties and repeated 
durability, Ta 2 0 5 is more preferable among them. 

The reductive coloring electrochromic layer 5 is 40 
preferably composed of W0 3 , M0O3, Nb^. or a mix- 
ture thereof. Considering the coloring speed. W0 3 is 
more preferable among them. In addition, the layer 5 
composed of a mixture of W0 3 and M0O3 can show a 
black color in coloring state. as 

The oxidative coloring electrochromic material used 
for the mixture layer 1 1 preferably contains at least one 
element selected from the group consisting of Co, Ni. 
Fe. Ir. Cu. Ru, Rh, Pd. Re. Os. Pt Ho. Sm. Cr. Dy. and 
Er. The element exists as a simple body (M). an oxide so 
(MOJ, a hydroxide (MJOHJJ. an oxyhydraxide 
(MO x (OH) y ). or a mixture thereof. Taking into consider- 
ation optical properties and repeated durability, the oxi- 
dative coloring electrochromic material is more 
preferably iridium, iridium oxide, iridium hydroxide, irid- ss 
ium oxyhydraxide, cobalt cobalt oxide, cobalt hydrox- 
ide, cobalt axyhydroxide. nickel, nickel oxide, nickel 
hydroxide, nickel axyhydroxide. or a mixture thereof. 
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Metal oxide having high optical transmittance is 
preferably used for the mixture layer 1 1 . Further, it is 
preferred that such metal oxide dose not exhibit electro- 
chromizm, particularly reductive coloring electrochr- 
omizm when a common voltage is applied thereto. 
Practically, the metal oxide is preferably selected from 
the group consisting of Ti0 2 . Ta 2 O s , Zr0 2 , HK) 2 . Y 2 0 3 , 
Al 2 0 3 . Si0 2 , Sn0 2 , or a mixture thereof. 

The weight ratio of an oxidative coloring electro- 
chromic material to a metal oxide is preferably 0.02 s 
(oxidative coloring electrochromic material/metal oxide) 
* 1. The absorbance increases if the weight ratio is 
above 1, and the durability and the coloring speed 
(response speed) decrease when the ratio is under 
0.02. 

The preferable thickness of the mixture layer 1 1 is 
in a range of from 10 nm to 5.000 nm, considering the 
response speed and the optical transmittance. The 
absorbance increases rf the thickness of the layer 
exceeds 5,000 nm. and both the durability and the 
coloring speed (response speed) decrease when the 
thickness of the layer is under 10 nm. 

The preferable thickness of other layers, except the 
oxidative coloring electrochromic layer 3 and the mix- 
ture layer 11. is in a range of from 1 nm to 5,000 nm, 
depending on the required optical transmittance, 
repeated durability, and the like. 

While the EC device 10 of embodiment 1 has the 
transparent substrate 1 provided with the transparent 
electrode layer 2a. the oxidative coloring electrochromic 
layer 3, the mixture layer 11. the transparent ion con- 
ductive layer 4. the reductive coloring electrochromic 
layer 5, and the transparent electrode layer 2b thereon 
in that order, those layers may be piled up in the reverse 
order, i.e.. the transparent electrode layer, the reductive 
coloring electrochromic layer, the transparent ion con- 
ductive layer, the mixture layer, the oxidative coloring 
electrochromic layer, and the transparent electrode 
layer. 

A method for manufacturing the EC device 10 of 
this embodiment will be described as follows. 

First, the transparent electrode layer 2a is prepared 
on the transparent substrate 1 by any known deposition 
process, such as vacuum evaporation, sputtering, ion 
plating, and CVD. 

Then, the oxidative coloring electrochromic layer 3 
is formed on the transparent electrode layer 2a by any 
known deposition process, such as vacuum evapora- 
tion, sputtering, ion plating, and CVD. 

Subsequently, the mixture layer 1 1 is prepared on 
the oxidative coloring electrochromic layer 3. desirably, 
by sputtering in an atmosphere of water vapor, oxygen, 
a mixture thereof, or a mixture of water vapor and argon. 
It is preferred that sputtering proceeds in an atmos- 
phere of water vapor, a mixture of water vapor and oxy- 
gen, or a mixture of water vapor and argon, and more 
preferably, in an atmosphere of water vapor, or a mix- 
ture of water vapor and argon in a gas pressure range of 
1 Pa to 20 Pa with a mixture ratio (f low ratio) of water 
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vapor to argon of 0.5 or more. When the sputtering pro- 
ceeds in an atmosphere of water vapor or a mixture of 
water vapor and argon at a mixture ratio (flow ratio) of 
above 20. the gas pressure is preferably 10 Pa or less. 
If the mixture ratio (flow ratio) of water vapor to argon 5 
ranges from 0.5 to 20. the gas pressure is preferably 20 
Pa or less. A gas pressure larger than the aforemen- 
tioned values results in a slower deposition speed, 
which impairs productivity, and a harmful influence on 
the vacuum pump, e.g.. cryo-pump and diffusion pump. 10 
of the evacuation system. When the mixture ratio (flow 
ratio) of water vapor to argon is under 0.5, the absorb- 
ance of the mixture layer 1 1 increases. Further, stable 
discharge cannot be obtained if the gas pressure is 
under 1 Pa. A more preferable sputtering condition is 1S 
such that a gas pressure is in a range of from 1 Pa to 1 0 
Pa and a mixture ratio (flow ratio) of water vapor to 
argon is in a range of from 0.5 to 20. 

Then, the transparent ion conductive layer 4. the 
reductive coloring electrochromic layer 5. and the trans- 20 
parent electrode layer 2b are prepared in that order by 
the above-mentioned known deposition techniques so 
as to produce the EC device 10. 

An EC device 20 shown in Fig. 2 is a modified 
example of the EC device 10 of this embodiment and 25 
will be explained in the following. 

As is shown in Fig. 2. one lateral side, which means 
the left side in the figure, of a transparent electrode layer 
2a is extended outward compared with the other layers. 
The extended portion is utilized for connecting. The 30 
opposite lateral side, which means the right side in Fig. 

2, of a transparent electrode 2b is extended to a sub- 
strate 1 along the lateral surfaces of layers 5, 4, 1 1 , 3, 
and 2a so as to form a connecting portion on the sub- 
strate 1 . In the EC device 20. it is necessary to prevent 35 
electrons from moving between the transparent elec- 
trode 2b and other layers 11, 3, and 2a. For this pur- 
pose, e.g., the lateral side of the transparent ion 
conductive layer 4 is extended to the substrate 1 along 
lateral surfaces of the layers 11.3, and 2a. Although the 40 
lateral side of the reductive coloring electrochromic 
layer 5 is similarly extended to the substrate 1 in Fig. 2, 

it is not always needed. 

The afore-descrtoed arrangement of the EC device 
20 is provided by shifting the mask position in the steps 45 
for preparing layers 2a. 3. 5, and 2b, for example, in 
sputtering. 

Following is the description of embodiment 2 
according to the present invention with reference to Fig. 

3, wherein the same numerals as shown in Fig. 1 iden- so 
trfy identical parts. 

Fig. 3 is a schematic sectional diagram showing a 
layer structure of an EC device 30 used in embodiment 
2 of the present invention. A transparent substrate 1 of 
the EC device 30 is Provided with a transparent elec- 55 
trode layer 2a. an oxidative coloring electrochromic 
layer 3. a layer 31 (referred as to an alternate layer here- 
inafter) formed such that at least one oxidative coloring 
electrochromic material layer and at least one metal 



oxide layer are alternately piled, a transparent ion con- 
ductive layer 4, a reductive coloring electrochromic layer 
5. and a transparent electrode layer 2b thereon in that 
order. That is, the EC device 30 employs a six-layer 
structure instead of the five-layer structure applied to 
conventional EC devices. 

Those layers of the EC device 30 may be piled up in 
the reverse order, i.e.. the transparent electrode layer, 
the reductive coloring electrochromic layer, the trans- 
parent ion conductive layer, the alternate layer, the oxi- 
dative coloring electrochromic layer, and the 
transparent electrode layer. 

The alternate layer 31 is prepared by alternately pil- 
ing at least one sublayer comprising an oxidative color- 
ing electrochromic material and at least one sublayer 
comprising metal oxide. 

Considering the response speed and optical trans- 
mittance, the thickness of the oxidative coloring electro- 
chromic material sublayer is preferably 0.01 to 1 times 
that of the metal oxide sublayer. The preferable thick- 
ness is in a range of 0.1 nm (monomolecular layer) to 
1 nm for each of the sublayers composing the alternate 
layer, and 1 nm to 5.000 nm for the alternate layer as a 
whole, depending on the required optical transmittance 
and repeated durability. 

The afore-mentioned oxidative coloring electro- 
chromic materials and metal oxides used for the mixture 
layer 1 1 of the EC device 10 are also preferably used for 
the alternate layer 31 . 

Other layers are similar to those used for the EC 
device 10. 

Returning now to a method for manufacturing the 
EC device 30 of this embodiment, the process for pre- 
paring the alternate layer 31 will be explained, since 
other layers can be formed by a known deposition tech- 
nique in the same manner as the EC device 10. 

The alternate layer 31 is preferably prepared by 
sputtering in a atmosphere similar to embodiment 1. A 
target for forming a sublayer of an oxidative coloring 
electrochromic material and a target for forming a sub- 
layer of a metal oxide are provided with corresponding 
shutters, respectively. The shutters are arranged to 
alternately open or close so as to determined the thick- 
ness of each sublayer. 

It is also possible to modify the EC device 30 in a 
way similar to the EC device 20. 

In the foregoing embodiments, each layer may con- 
tain some impurities unless the function of the layer is 
impaired. 

The EC device shown in the above embodiments is 
used after being packaged. Fig. 4 illustrates a sche- 
matic sectional diagram of the packaged EC device 10 
of embodiment 1 . 

Transparent electrodes 2a and 2b of the EC device 
1 0 connect to a power source 9 through a wire 8. The 
space between a transparent substrate 6 and the trans- 
parent electrode 2b opposed mutually and the periph- 
ery of the layers provided between the transparent 
substrates 1 and 6 are encapsulated with a transparent 
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resin 7. In other words, the EC device 10 is encapsu- 
lated by the resin. The resin 7 serves to adhere the 
transparent substrates 1 and 6. as well as to prevent the 
oxidative coloring electrochromic layer 3. the mixture 
layer 1 1 . the transparent ion conductive layer 4. and the 
reductive coloring electrochromic layer 5 from being 
exposed to the outside air. Connecting portions of the 
transparent electrodes 2a and 2b may be exposed to 
the outside air The transparent substrate 6 is similar to 
the above-mentioned transparent substrate 1 . and pref- 
erably provided with an ARC on the surface reverse to 
the transparent electrode 2b. 

Fig. 5 illustrates a schematic sectional diagram of 
the packaged EC device 20, wherein wires and power 
source are not shown. 

Except the connecting portions of the transparent 
electrodes 2a and 2b. which portions allow given wiring, 
each layer of the EC device 20 is encapsulated by a 
resin, as shown in Fig. 5. 

Examples and comparative examples will be 
described as follows. 

Example 1 

On a transparent glass substrate of which the 
reverse surface had been provided with an ARC. ITO 
was vacuum-evaporated at a substrate temperature of 
300°C and at an Og partial pressure of 5x10 2 Pa, 
thereby a transparent conductive layer 150 nm thick 
was formed as the first layer. 

Then, deposition on the transparent conductive 
layer was proceeded by radio-frequency sputtering 
using cobalt metal as a target under conditions such 
that the substrate was at room temperature, the mixture 
gas pressure of water vapor and argon was 5 Pa, and 
the flow ratio of water vapor to argon was 3; thereby an 
oxidative coloring electrochromic layer 5 nm thick was 
formed as the second layer. Power of 500 W was irput 
to the cobalt metal target. 

The oxidative coloring electrochromic layer mainly 
contains cobalt oxide and cobalt hydroxide, and also 
contains cobalt metal, etc. 

As the third layer, a mixture layer 400 nm thick com- 
prising an oxidative coloring electrochromic material 
and a metal oxide was deposited on the oxidative color- 
ing electrochromic layer by radio-frequency co-sputter- 
ing using cobalt metal and tin metal as targets under 
conditions such that the substrate was at room temper- 
ature, the mixture gas pressure of water vapor and 
argon was 5 Pa, and the flow ratio of water vapor to 
argon was 3. Power of 500 W and 700 W was input to 
the cobalt metal target and the tin metal target, respec- 
tively. 

The resulting layer is a mixture of an oxidative color- 
ing electrochromic material, comprising cobalt oxide 
and cobalt hydroxide, with a metal oxide which is tin 
oxide. The layer also contains cobalt metal, etc. 

On the mixture layer, tantalum pentoxide was vac- 
uum- evaporated at a substrate temperature of 300°C 



and at an 0 2 partial pressure of 3x1 0* 2 Pa. thereby a 
transparent ion conductive layer 300 nm thick was 
formed as the fourth layer. 

Then, tungsten tri oxide was vacuum-evaporated on 
5 the transparent ion conductive layer at a substrate tem- 
perature of 300°C and at an O2 partial pressure of 5x1 0* 
2 Pa. thereby a reductive coloring electrochromic layer 
1 .000 nm thick was formed as the fifth layer. 

Finally. ITO was deposited on the reductive coloring 
10 electrochromic layer by radio-frequency ion plating at a 
substrate temperature of 300°C and at an 0 2 partial 
pressure of 5x1 0" 2 Pa. using the radio-frequency power 
of 150 W; thereby a transparent conductive layer 450 
nm thick was formed as the sixth layer. 
15 According to the above mentioned manner, an EC 
device with 6 layers shown in Fig. 2 could be obtained. 
The resulting EC device was resin-encapsulated as 
shown in Fig. 5. 

The response speed of the EC device was evalu- 

20 ated as follows: The EC device was discolored (became 
approximately transparent) by applying a voltage, then 
another voltage was applied thereto in the reverse 
direction; and the time-duration from the second voltage 
application to the time when the contrast ratio reached 

25 1 0 or more was measured as the response speed. The 
repeated durability was evaluated as follows: A voltage 
of +- 2V was repeatedly applied between the transpar- 
ent electrode layers; the number of times required for 
10% decrease in the optical transmittance and the 

30 number of times required for 50% decrease in the 
response speed were measured; and the smaller 
number was used for the evaluation of the repeated 
durability. These evaluation methods were applied in 
common to the following examples and comparative 

35 examples. 

From the measurements, the response speed was 
determined to be 100 ms when a contrast ratio, during 
discoloring/during coloring, of the mean optical trans- 
mittance was 10 or more in a wavelength range of 400 

40 nm to 700 nm. The optical transmittance during dis- 
coloring was 78%, and the repeated durability was five 
hundred thousand times. Moreover, excellent reproduc- 
ibility of the EC devices was achieved by repeating sim- 
ilar production. 

45 

Example 2 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 

so added. The composition ratio of cobalt to tin (Co/Sn) in 
the third layer was decreased gradually towards the 
fourth layer by controlling the power input to the cobalt 
metal target and the tin metal target. Practically, the 
power input to the cobalt metal target was changed from 

55 600 W to 200 W according to the deposition process 
while the power input to the tin metal target was main- 
tained at 700 W. The EC device was resin-encapsu- 
lated, and then, subjected to the same evaluation as 
example 1 . 
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As a result, the response speed was 80 ms, the 
optical transmrttance during discoloring was 80%, and 
the repeated durability was five hundred thousand 
times. 

Example 3 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 
added. For depositing the third layer, a tantalum metal 
target was employed instead of the tin metal target. The 
power input to the cobalt metal target and tantalum 
metal target was 500 W and 700 W respectively. The 
EC device was resin-encapsulated, and then, subjected 
to the same evaluation as example 1 . 

As a result, the response speed was 90 ms, the 
optical transmrttance during discoloring was 82%, and 
the repeated durability was four hundred thousand 
times. 

Example 4 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 
added. For depositing the third layer, a nickel metal tar- 
get was employed instead of the cobalt metal target 
The power input to the nickel metal target and tin metal 
target was 500 W and 700 W, respectively. The EC 
device of this example was formed in a shape similar to 
that shown in Fig. 1. After being resin-encapsulated, the 
EC device was subjected to the same evaluation as 
example 1. 

As a result, the response speed was 150 ms, the 
optical transmrttance during discoloring was 76%, and 
the repeated durability was four hundred thousand 
times. 

Example 5 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 
added. For depositing the second layer, an iridium metal 
target was employed instead of the cobalt metal target 
The power input to the iridium metal target was 150 W. 
The EC device was resin-encapsulated, and then, sub- 
jected to the same evaluation as example 1 . 

As a result, the response speed was 50 ms, the 
optical transmrttance during discoloring was 76%, and 
the repeated durability was seven hundred thousand 
times. 

Example 6 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 
added. The fifth layer was formed from a mixture of 
tungsten trioxide and molybdenum trioxide at a weight 
ratio of 9:1 instead of tungsten trioxide alone. The EC 



device was resin-encapsulated, and then, subjected to 
the same evaluation as example 1 . 

As a result, the response speed was 120 ms. the 
optical transmrttance during discoloring was 78%. and 
s the repeated durability was four hundred fifty thousand 
times. Since the fifth layer contained molybdenum triox- 
ide, the resulting EC device could display white and 
black. 

io Example 7 

An EC device was prepared by a way similar to 
example 1 except that the second and third layers were 
deposited in an atmosphere of oxygen. The EC device 
is was resin-encapsulated, and then, subjected to the 
same evaluation as example 1 . 

As a result, the response speed was 250 ms, the 
optical transmittance during discoloring was 70%, and 
the repeated durability was four hundred thousand 
20 times. 

Comparative example 1 

An EC device was prepared by a way similar to 
25 example 1 except that the third layer was not formed. 
The EC device was resin-encapsulated, and then, sub- 
jected to the same evaluation as example 1 . 

As a result, the response speed was 400 ms, the 
optical transmittance during discoloring was 80%, and 
30 the repeated durability was ten thousand times. 

Comparative example 2 

An EC device was prepared by a way similar to 
35 example 1 except that the second layer was not formed. 
The EC device was resin-encapsulated, and then, sub- 
jected to the same evaluation as example 1 . 

As a result, the response speed was 700 ms, the 
optical transmittance during discoloring was 82%, and 
40 the repeated durability was five thousand times. 

Example 8 

An EC device was prepared by a way similar to 
45 example 1 except that the following modification was 
added. The second and third layers were deposited in 
an atmosphere of a mixture of water vapor and argon at 
a mixture pressure of 0.8 Pa. The EC device was resin- 
encapsulated, and then, subjected to the same evalua- 
so tion as example 1 . 

As a result, the response speed was 90 ms. the 
optical transmittance during discoloring was 60%, and 
the repeated durability was five hundred thousand 
times. 

55 

Example 9 

An EC device was prepared by a way similar to 
example 1 except that the following modification was 
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added. The second and third layers were deposited in 
an atmosphere of a mixture of water vapor and argon at 
a mixture pressure of 25 Pa. The EC device was resin- 
encapsulated, and then, subjected to the same evalua- 
tion as example 1 . 

As a result, the response speed was 100 ms. the 
optical transmittance during discoloring was 78%, and 
the repeated durability was five hundred eighty thou- 
sand times. The time period required for the deposition 
of the second and third layers became 12 times longer 
compared with embodiment 1. 

Example 10 

On a transparent glass substrate, ITO was vacuum- 
evaporated at a substrate temperature of 300°C and at 
an O2 partial pressure of 5x1 0~ 2 Pa. thereby a transpar- 
ent conductive layer 150 nm thick was formed as the 
first layer. 

Then, deposition on the transparent conductive 
layer was proceeded by radio-frequency sputtering 
using iridium metal as a target under conditions such 
that the substrate was at room temperature and the 0 2 
partial pressure was 1 Pa; thereby an oxidative coloring 
electrochromic layer 5 nm thick was formed as the sec- 
ond layer. Power of 1 30 W was input to the iridium metal 
target 

The oxidative coloring electrochromic layer mainly 
contains iridium oxide and iridium hydroxide, and also 
contains iridium metal, etc. 

As the third layer, a mixture layer 25 nm thick com- 
prising an oxidative coloring electrochromic material 
and a metal oxide was deposited on the oxidative color- 
ing electrochromic layer by radio-frequency co-sputter- 
ing using iridium metal and tin metal as targets under 
conditions such that the substrate was at room temper- 
ature and the pressure of water vapor was 1 Pa. Power 
of 130 W and 700 W was input to the iridium metal tar- 
get and the tin metal target respectively. 

The resulting layer is a mixture of an oxidative color- 
ing electrochromic material, comprising iridium oxide 
and iridium hydroxide, with a metal oxide which is tin 
oxide. The layer also contains iridium metal, etc. 

On the mixture layer, tantalum perrtoxide was vac- 
uum-evaporated at a substrate temperature of 300°C 
and at an 0 2 partial pressure of 3x1 0* 2 Pa. thereby a 
transparent ion conductive layer 300 nm thick was 
formed as the fourth layer. 

Then, tungsten trioxide was vacuum-evaporated on 
the transparent ion conductive layer at a substrate tem- 
perature of 300°C and at an 0 2 partial pressure of 5x1 0* 
2 Pa. thereby a reductive coloring electrochromic layer 
1 .000 nm thick was formed as the fifth layer 

Finally, ITO was deposited on the reductive coloring 
electrochromic layer by radio-frequency ion plating at a 
substrate temperature of 300°C and at an 0 2 partial 
pressure of 5x1 0" 2 Pa, using the radio-frequency power 
of 1 50 W; thereby a transparent conductive layer 300 
nm thick was formed as the sixth layer. 



According to the above mentioned manner, an EC 
device with 6 layers shown in Fig. 2 could be obtained. 
The resulting EC device was resin-encapsulated as 
shown in Fig. 5. 

s From the measurement performed by applying a 

voltage of +- 2V between the transparent conductive 
layers, the response speed was determined to be 23 ms 
when a contrast ratio, during discoloring/during color- 
ing, of the mean optical transmittance was 1 0 or more in 

10 a wavelength range of 400 nm to 700 nm. The optical 
transmittance during discoloring was 77%, and the 
repeated durability was eight hundred thousand times. 

Example 1 1 

15 

An EC device was prepared by a way similar to 
example 10 except that the following modification was 
added. The third layer was deposited by radio-fre- 
quency sputtering instead of radio-frequency co-sput- 
20 tering and an iridium metal chip was placed on the tin 
target during sputtering. The EC device was resin- 
encapsulated, and then, subjected to the same evalua- 
tion as example 10. 

As a result the response speed was 25 ms, the 
25 optical transmittance during discoloring was 75%. and 
the repeated durability was eight hundred thousand 
times. 

Comparative example 

30 

An EC device was prepared by a way similar to 
example 10 except that the third layer was not formed. 
The EC device was resin-encapsulated, and then, sub- 
jected to the same evaluation as example 10. 
35 As a result, the response speed was 120 ms, the 
optical transmittance during discoloring was 78%. and 
the repeated durability was twenty thousand times. 

Comparative example d 

40 

An EC device was prepared by a way similar to 
example 10 except that the second layer was not 
formed and the third layer was deposited in an atmos- 
phere of oxygen at an 0 2 partial pressure of 1 Pa. The 
45 EC device was resin-encapsulated, and then, subjected 
to the same evaluation as example 10. 

As a result, the response speed was 150 ms, the 
optical transmittance during discoloring was 70%, and 
the repeated durability was ten thousand times. 

50 

Example 12 

On a transparent glass substrate, ITO was vacuum- 
evaporated at a substrate temperature of 300°C and at 
55 an 0 2 partial pressure of 5x1 o* 2 Pa. thereby a transpar- 
ent conductive layer 150 nm thick was formed as the 
first layer. 

Then, deposition on the transparent conductive 
layer was proceeded by radio-frequency sputtering 
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using iridium metal as a target under conditions such 
that the substrate was at room temperature and the 0 2 
partial pressure was 1 Pa; thereby an oxidative coloring 
electrochromic layer 5 nm thick was formed as the sec- 
ond layer. Power of 1 30 W was input to the iridium metal 5 
target. 

The oxidative coloring electrochromic layer mainly 
contains iridium oxide and iridium hydroxide, and also 
contains iridium metal, etc. 

As the third layer, a mixture layer 400 nm thick com- io 
prising an oxidative coloring electrochromic material 
and a metal oxide was deposited on the oxidative color- 
ing electrochromic layer by radio-frequency co-sputter- 
ing using iridium metal and tin metal as targets under 
conditions such that the substrate was at room temper- is 
ature, the mixture pressure of water vapor and argon 
was 5 Pa, and the flow ratio of water vapor to argon was 
3. Power of 130 W and 700 W was input to the iridium 
metal target and the tin metal target, respectively. 

The resulting layer is a mixture of an oxidative color- 20 
ing electrochromic material, comprising iridium oxide 
and iridium hydroxide, with a metal oxide which is tin 
oxide. The layer also contains iridium metal, etc. 

On the mixture layer, tantalum pentoxide was vac- 
uum-evaporated at a substrate temperature of 300°C 25 
and at an 0 2 partial pressure of 3x1 0' 2 Pa, thereby a 
transparent ion conductive layer 300 nm thick was 
formed as the fourth layer. 

Then, tungsten trioxide was vacuum-evaporated on 
the transparent ion conductive layer at a substrate tern- 30 
perature of 300°C and at an 0 2 partial pressure of 5x1 0" 
2 Pa. thereby a reductive coloring electrochromic layer 
1 ,000 nm thick was formed as the fifth layer. 

Finally, ITO was deposited on the reductive coloring 
electrochromic layer by radio-frequency ion plating at a 35 
substrate temperature of 300°C and at an 0 2 partial 
pressure of 5x10" 2 Pa, using the radio-frequency power 
of 150 W; thereby a transparent conductive layer 300 
nm thick was formed as the sixth layer. 

According to the above mentioned manner, an EC 40 
device with 6 layers shown in Fig. 2 could be obtained. 
The resulting EC device was resin-encapsulated as 
shown in Fig. 5. 

Rom the measurement performed by applying a 
voltage of +- 2V between the transparent conductive 45 
layers, the response speed was determined to be 10 ms 
when a contrast ratio, during discoloring/during color- 
ing, of the mean optical transmittance was 1 0 or more in 
a wavelength range of 400 nm to 700 nm. The optical 
transmittance during discoloring was 80%. and the so 
repeated durability was more than one million times. 

Example 13 

An EC device was prepared by a way similar to ss 
example 12 except that the following modification was 
added. The composition ratio of iridium to tin (Ir/Sn) in 
the third layer was decreased gradually towards the 
fourth layer by controlling the power input to the iridium 



metal target and the tin metal target. Practically, the 
power input to the iridium metal target was changed 
from 150 W to 100 W according to the deposition proc- 
ess while the power input to the tin metal target was 
maintained at 700 W. The EC device was resin-encap- 
sulated, and then, subjected to the same evaluation as 
example 12. 

As a result, the response speed was 8 ms. the opti- 
cal transmittance during discoloring was 82%, and the 
repeated durability was more than one million times. 

Example 14 

An EC device was prepared by a way similar to 
example 12 except that the following modification was 
added. The third layer was deposited by radio-fre- 
quency sputtering instead of radio-frequency co-sput- 
tering and an iridium metal chip was placed on the tin 
target during sputtering. The EC device was resin- 
encapsulated, and then, subjected to the same evalua- 
tion as example 12. 

As a result, the response speed was 12 ms. the 
optical transmittance during discoloring was 80%, and 
the repeated durability was more than one million times. 

Example 15 

An EC device was prepared by a way similar to 
example 1 2 except that the third layer was deposited in 
an atmosphere of oxygen at an 0 2 partial pressure of 1 
Pa. The EC device was resin-encapsulated, and then, 
subjected to the same evaluation as example 12. 

As a result, the response speed was 50 ms, the 
optical transmittance during discoloring was 74%, and 
the repeated durability was seven hundred thousand 
times. 

Example 16 

On a transparent glass substrate. ITO was vacuum- 
evaporated at a substrate temperature of 300°C and at 
an 0 2 partial pressure of 5x1 0" 2 Pa, thereby a transpar- 
ent conductive layer 150 nm thick was formed as the 
first layer. 

Then, deposition on the transparent conductive 
layer was proceeded by radio-frequency sputtering 
using iridium metal as a target under conditions such 
that the substrate was at room temperature and the 0 2 
partial pressure was 1 Pa; thereby an oxidative coloring 
electrochromic layer 5 nm thick was formed as the sec- 
ond layer. Power of 1 30 W was input to the iridium metal 
target. 

The oxidative coloring electrochromic layer mainly 
contains iridium oxide and iridium hydroxide, and also 
contains iridium metaJ, etc. 

As the third layer, an alternate layer alternating at 
least one oxidative coloring electrochromic sublayer 0.1 
nm thick and at least one metal oxide sublayer 0.5 nm 
thick was formed on the oxidative coloring electrochro- 
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mic layer by radio-frequency sputtering using iridium 
metal and tin metal as targets under conditions such 
that the substrate was at room temperature, and the 0 2 
partial pressure was 1 Pa. Power of 1 30 W and 700 W 
was input to the iridium metal target and the tin metal 5 
target respectively. The iricfium metal target and tin 
metal target were provided with corresponding shutters 
which were arranged to alternately open or dose so as 
to determined the thickness of each sublayer. 

The resulting alternate layer has a laminated struc- w 
ture of 500 pairs of the oxidative coloring electrochromic 
sublayer comprising iridium oxide and iridium hydroxide 
and the metal oxide sublayer comprising tin oxide. The 
oxidative coloring electrochromic sublayers also contain 
metal iridium, etc. 15 

On the alternate layer, tantalum perrtoxtde was vac- 
uum-evaporated at a substrate temperature of 300°C 
and at an 0 2 partial pressure of 3x1 0' 2 Pa, thereby a 
transparent ion conductive layer 300 nm thick was 
formed as the fourth layer. 20 

Then, tungsten trioxide was vacuum-evaporated on 
the transparent ion conductive layer at a substrate tem- 
perature of 300°C and at an O2 partial pressure of 5x1 0' 
2 Pa. thereby a reductive coloring electrochromic layer 
1 .000 nm thick was formed as the fifth layer. 25 

Finally, ITO was deposited on the reductive coloring 
electrochromic layer by radio-frequency ion plating at a 
substrate temperature of 300°C and at an O2 partial 
pressure of 5x1 0' 2 Pa. using the radio-frequency power 
of 150 W; thereby a transparent conductive layer 300 30 
nm thick was formed as the sixth layer. 

According to the above mentioned manner, an EC 
device with 6 layers shown in Fig. 3 could be obtained 
and was resin-encapsulated. 

From the measurement performed by applying a 35 
voltage of +- 2V between the transparent conductive 
layers, the response speed was determined to be 40 ms 
when a contrast ratio, during discoloring/during color- 
ing, of the mean optical trans mrttance was 1 0 or more in 
a wavelength range of 400 nm to 700 nm. The optical <o 
trartsmittance during discoloring was 72%. and the 
repeated durability was seven hundred fifty thousand 
times. 



Example 17 



45 



An EC device was prepared by a way similar to 
example 16 except that the following modification was 
added. The third layer was deposited in an atmosphere 
of a mixture of oxygen and water vapor at a ratio of 1 :1 . $0 
The EC device was resin-encapsulated, and then, sub- 
jected to the same evaluation as exarrple 16. 

As a result, the response speed was 25 ms. the 
optical transmittance during discoloring was 75%, and 
the repeated durability was seven hundred fifty thou- 55 
sand times. 



Example 18 

An EC device was prepared by a way similar to 
example 16 except that the following modification was 
added. The third layer was deposited in an atmosphere 
of a mixture of water vapor and argon at a mixture pres- 
sure of 5 Pa and at the flow ratio (water vapor/argon) of 
3. Besides having the alternate layer 31 instead of the 
mixture layer 1 1 , the EC device used for this example 
was similar to that shown in Fig. 2, rather than that 
shown in Fig. 3. The EC device was resin-encapsulated, 
and then, subjected to the same evaluation as exarrple 
16. 

As a result the response speed was 10 ms. the 
optical transmittance during discoloring was 82%. and 
the repeated durability was more than one million times. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments and 
examples are therefore to be considered in all respects 
as illustrative and not restrictive, the scope of the inven- 
tion being indicated by the appended claims rather than 
by foregoing description and all changes which come 
within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 

An electrochromic device and a method for manu- 
facturing the same, which device at least comprises a 
pair of opposed transparent substrates provided with a 
pair of opposed transparent electrodes therebetween; 
and an oxidative coloring electrochromic layer, a layer 
comprising an oxidative coloring electrochromic mate- 
rial and a metal oxide, a transparent ion conductive 
layer, and a reductive coloring electrochromic layer pro- 
vided between the pair of transparent electrodes. 
Thereby, an electrochromic device can be provided, 
which device exhibits high optical transmittance during 
discoloring and shows excellent response speed and 
repeated-durability when being driven at high contrast 
ratio. 

Claims 



1. 



An electrochromic device at least comprising; 

a pair of opposed transparent electrodes, an 
oxidative coloring electrochromic layer, a layer com- 
prising an oxidative coloring electrochromic mate- 
rial and a metal oxide, a transparent ion conductive 
layer, and a reductive coloring electrochromic layer, 
said layers being provided between said pair of 
opposed transparent electrodes. 

An electrochromic device as set forth in Claim 1 , 
wherein said layer comprising an oxidative coloring 
electrochromic material and a metal oxide is formed 
from a mixture of said oxidative coloring electro- 
chromic material and said metal oxide. 



3. An electrochromic device as set forth in Claim 1, 
wherein said layer comprising an oxidative coloring 



2. 
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five coloring electrochromic layer is from 1 nm to 50 
nm both inclusive. 

20. An electrochromic device as set forth in Claims 2 or 

5. wherein the thickness of said layer comprising an s 
oxidative coloring electrochromic material and a 
metal oxide is from 10 nm to 5.000 nm both inclu- 
sive 

21 . An electrochromic device as set forth in Claims 3 or w 

6, wherein the thickness of said sublayer compris- 
ing an oxidative coloring electrochromic material is 
0.01 to 1 times that of said sublayer comprising a 
metal oxide. 

22. An electrochromic device as set forth in Claims 2 or 
5. wherein the weight ratio of said oxidative coloring 
electrochromic material to said metal oxide (oxida- 
tive coloring electrochromic material/metal oxide) is 
from 0.02 to 1 both inclusive. 

23. An electrochromic device as set forth in Claim 5. 
wherein, in said layer comprising an oxidative color- 
ing electrochromic material and a metal oxide, the 
composition ratio of said oxidative coloring electro- 2s 
chromic material to said metal oxide (oxidative 
coloring electrochromic material/metal oxide) 
decreases gradually towards said transparent ion 
conductive layer. 

30 

24. An electrochromic device as set forth in one of 
Claims 1 to 6, wherein said transparent ion conduc- 
tive layer comprises at least one selected from the 
group consisting of Ta 2 0 5i ZrO^. SiOa, and MgF 2 . 

25. An electrochromic device as set forth in Claim 24, 
wherein said transparent ion conductive layer com- 
prises Ta 2 O s . 

26. An electrochromic device as set forth in one of 40 
Claims 1 to 6, wherein said reductive coloring elec- 
trochromic layer comprises at least one selected 
from the group consisting of W0 3 , Mo0 3 , and 
Nb 2 0 5 . 

27. An electrochromic device as set forth in Claim 26, 
wherein said reductive coloring electrochromic 
layer comprises W0 3 . 

28. An electrochromic device as set forth in Claim 26. so 
wherein said reductive coloring electrochromic 
layer comprises a mixture of W0 3 and M0O3. 

29. An electrochromic device at least comprising; 

a pair of opposed transparent substrates ss 
provided with a pair of opposed transparent elec- 
trodes therebetween; and 

an oxidative coloring electrochromic layer, a 
layer comprising an oxidative coloring electrochro- 



35 
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mic material and a metal oxide, a transparent ion 
conductive layer, and a reductive coloring electro- 
chromic layer provided between said pair of trans- 
parent electrodes 

wherein at least said oxidative coloring elec- 
trochromic layer, said layer comprising an oxidative 
coloring electrochromic material and a metal oxide, 
said transparent ion conductive layer, and said 
reductive coloring electrochromic layer are encap- 
sulated by a resin. 

30. An electrochromic device as set forth in Claim 29, 
wherein said layer comprising an oxidative coloring 
electrochromic material and a metal oxide com- 
prises a mixture of said oxidative coloring electro- 
chromic material and said metal oxide. 

31 . An electrochromic device as set forth in Claim 29, 
wherein said layer comprising an oxidative coloring 
electrochromic material and a metal oxide is formed 
by alternately piling at least one sublayer compris- 
ing said oxidative coloring electrochromic material 
and at least one sublayer comprising said metal 
oxide. 

32. An electrochromic device at least comprising; 

a pair of opposed transparent substrates 
provided with a pair of opposed transparent elec- 
trodes therebetween; and 

an oxidative coloring electrochromic layer, a 
layer comprising an oxidative coloring electrochro- 
mic material and a metal oxide, a transparent ion 
conductive layer, and a reductive coloring electro- 
chromic layer provided between said pair of trans- 
parent electrodes. 

wherein said oxidative coloring electrochro- 
mic layer, said layer comprising an oxidative color- 
ing electrochromic material and a metal oxide, said 
transparent ion conductive layer, and said reductive 
coloring electrochromic layer are successively pro- 
vided one over the other between said pair of 
opposed transparent electrodes; and 

at least said oxidative coloring electrochro- 
mic layer, said layer comprising an oxidative color- 
ing electrochromic material and a metal oxide, said 
transparent ion conductive layer, and said reductive 
coloring electrochromic layer are encapsulated by a 
resin. 

33. An electrochromic device as set forth in Claim 32, 
wherein said layer comprising an oxidative coloring 
electrochromic material and a metal oxide com- 
prises a mixture of said oxidative coloring electro- 
chromic material and said metal oxide. 

34. An electrochromic device as set forth in Claim 32, 
wherein said layer comprising an oxidative coloring 
electrochromic material and a metal oxide is formed 
by alternately piling at least one sublayer compris- 
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ing said oxidative coloring electrochromic material 
and at least one sublayer comprising said metal 
oxide. 

35. An electrochromic device as set forth in one of s 
Claims 29 to 34, wherein said metal oxide is at least 
one selected from the group consisting of Ti0 2 . 
Ta 2 0 5 . Zr0 2 . Hf0 2 , Y 2 0 3 . Al 2 0 3 . Si0 2 . and Sn0 2 , 
and said oxidative coloring electrochromic material 
contains at least one element selected from the w 
group consisting of Co, Ni, Fe. Ir, Cu. Ru. Rh, Pd, 

Re, Os, Pt, Ho, Sm, Cr, Dy, and Er, which element 
exists as a simple body, an oxide, a hydroxide, a 
oxyhydroxide, or a mixture thereof. 

75 

36. An electrochromic device as set forth in Claim 35. 
wherein said oxidative coloring electrochromic 
material comprises at least one selected from the 
group consisting of iridium, iridium oxide, iridium 
hydroxide, iridium oxyhydroxide. cobalt, cobalt 20 
oxide, cobalt hydroxide, cobalt oxyhydroxide, nickel, 
nickel oxide, nickel hydroxide, nickel oxyhydroxide. 
and mixtures thereof. 

37. An electrochromic device as set forth in one of 25 
Claims 29 to 34. wherein said oxidative coloring 
electrochromic material comprises H, O. and at 
least one kind of atoms selected from the group 
consisting of Co. Ni. Fe. Ir. Cu. Ru. Rh. Pd. Re. Os. 

Pt, Ho. Sm, Cr. Dy t and Er. 30 

38. An electrochromic device as set forth in Claim 37, 
wherein said oxidative coloring electrochromic 
material comprises H, O, and at least one kind of 
atoms selected from the group consisting of Co, Ni. 35 
and Ir. 

39. An electrochromic device as set forth in one of 
Claims 29 to 34. wherein anti-reflection coatings 
comprising a dielectric material are provided on 40 
outer surfaces of said pair of transparent sub- 
strates. 

40. An electrochromic device as set forth in Claim 39. 
wherein said dielectric material comprises at least 45 
one selected from the group consisting of AI2O3, 
Ti0 2 , and MgF 2 . 

41. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said transparent elec- so 
trodes comprise indium tin oxide. 

42. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said oxidative coloring 
electrochromic layer comprises at least one ele- 55 
ment selected from the group consisting of Co, Ni, 

Fe. Ir, Cu f Ru. Rh, Pd. Re, Os. Pt Ho, Sm. Cr, Dy, 
and Er, which element exists as a simple body, an 



oxide, a hydroxide, an oxyhydroxide, or a mixture 
thereof. 

43. An electrochromic device as set forth in Claim 42, 
wherein said oxidative coloring electrochromic layer 
comprises at least one selected from the group 
consisting of iridium, iridium oxide, iridium hydrox- 
ide, iridium oxyhydroxide. cobalt, cobalt oxide, 
cobalt hydroxide, cobalt oxyhydroxide, nickel, nickel 
oxide, nickel hydroxide, and nickel oxyhydroxide. 

44. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said oxidative coloring 
electrochromic layer comprises H. O, and at least 
one kind of atoms selected from the group consist- 
ing of Co, Ni, Fe. Ir, Cu, Ru, Rh, Pd. Re. Os, Pt, Ho. 
Sm. Cr, Dy, and Er. 

45. An electrochromic device as set forth in Claim 44, 
wherein said oxidative coloring electrochromic layer 
comprises H, O. and at least one kind of atoms 
selected from the group consisting of Co, Ni. and Ir. 

46. An electrochromic device as set forth in one of 
Claims 29 to 34. wherein the thickness of said oxi- 
dative coloring electrochromic layer is from 1 nm to 
50 nm both inclusive. 

47. An electrochromic device as set forth in Claims 30 
or 33, wherein the thickness of said layer compris- 
ing an oxidative coloring electrochromic material 
and a metal oxide is from 10 nm to 5,000 nm both 
inclusive. 

48. An electrochromic device as set forth in Claims 31 
or 34, wherein the thickness of said sublayer com- 
prising an oxidative coloring electrochromic mate- 
rial is 0.01 to 1 times that of said sublayer 
comprising a metal oxide. 

49. An electrochromic device as set forth in Claims 30 
or 33, wherein the weight ratio of said oxidative 
coloring electrochromic material to said metal oxide 
(oxidative coloring electrochromic material/metal 
oxide) is from 0.02 to 1 both inclusive. 

50. An electrochromic device as set forth in Claim 33. 
wherein, in said layer comprising an oxidative color- 
ing electrochromic material and a metal oxide, the 
composition ratio of said oxidative coloring electro- 
chromic material to said metal oxide (oxidative 
coloring electrochromic material/metal oxide) 
decreases gradually towards said transparent ion 
conductive layer. 

51. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said transparent ion con- 
ductive layer comprises at least one selected from 
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the group consisting of Ta 2 0 5 , Zr0 2 , Si0 2 , and 
MgF 2 . 

52. An electrochromic device as set forth in Claim 51 , 
wherein said transparent ion conductive layer com- s 
prises Ta 2 0 5 . 

53. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said reductive coloring 
electrochromic layer comprises at least one w 
selected from the group consisting of W0 3t M0O3, 
and Nb20 5 . 

54. An electrochromic device as set forth in Claim 53, 
wherein said reductive coloring electrochromic is 
layer comprises W0 3 . 

55. An electrochromic device as set forth in Claim 53, 
wherein said reductive coloring electrochromic 
layer comprises a mixture of W0 3 and M0O3. 20 

56. An electrochromic device as set forth in one of 
Claims 29 to 34, wherein said pair of transparent 
electrodes respectively have portions for connect- 
ing and said transparent electrodes are encapsu- 25 
lated by said resin except said portions for 
connecting. 

57. An electrochromic device at least comprising; 

a first layer comprising indium tin oxide; 30 
a second layer comprising at least one 
selected from the group of metals consisting of Co, 
Ni, Fe, Ir, Cu, Ru, Rh, Pd, Re, Os. Pt, Ho, Sm, Cr. 
Dy, and Er, oxides of said metals, hydroxides of said 
metals, oxyhydroxides of said metals, and mixtures 35 
thereof; 

a third layer comprising at least one com- 
pound selected from the group consisting of TiO^ 
TagOs, Zr0 2 , HfOj> f Y 2 0 3 , Al^. Si0 2 . and Sn0 2 ; 
and at least one selected from the group of metals 40 
consisting of Co. Ni, Fe, Ir, Cu, Ru. Rh, Pd, Re. Os. 
Pt. Ho, Sm, Cr. Dy, and Er, oxides of said metals, 
hydroxides of said metals, oxyhydroxides of said 
metals, and mixtures thereof; 

a fourth layer comprising at least one 45 
selected from the group consisting of Ta 2 0 5 , ZrC^. 
Si0 2 , and MgF 2 ; 

a fifth layer comprising at least one selected 
from the group consisting of WO3. M0O3. and 
NI^Os; and so 

a sixth layer comprising indium tin oxide. 

58. An electrochromic device as set forth in Claim 57, 
wherein said first to sixth layers are successively 
piled one over the other. 55 

59. An electrochromic device as set forth in Claims 57 
or 58, wherein said second layer comprises at least 
one selected from the group of metals consisting of 



Co. Ni, and Ir, oxides of said metals, hydroxides of 
said metals, oxyhydroxides of said metals, and mix- 
tures thereof. 

60. An electrochromic device as set forth in Claims 57 
or 58. wherein said third layer comprises at least 
one compound selected from the group consisting 
of Ti0 2 . Ta 2 O s . Zr0 2 . Hf0 2 . Y 2 0 3 . Al 2 0 3 . Si0 2 . and 
Sn0 2 ; and one selected from the group of metals 
consisting of Co, Ni, and Ir, oxides of said metals, 
hydroxides of said metals, oxyhydroxide of said 
metals, and mixtures thereof. 

61. A method for manufacturing an electrochromic 
device, said device at least comprising; 

a pair of opposed transparent substrates 
provided with a pair of opposed transparent elec- 
trodes therebetween; and 

an oxidative coloring electrochromic layer, a 
layer comprising an oxidative coloring electrochro- 
mic material and a metal oxide, a transparent ion 
conductive layer, and a reductive coloring electro- 
chromic layer provided between said pair of trans- 
parent electrodes, said method comprising; 

a step of depositing said layer comprising an 
oxidative coloring electrochromic material and a 
metal oxide on one of said oxidative coloring elec- 
trochromic layer and said transparent ion conduc- 
tive layer by sputtering in an atmosphere selected 
from the group consisting of water vapor, oxygen, a 
mixture of water vapor and oxygen, and a mixture of 
water vapor and argon; and 

a step of forming the rest of said oxidative 
coloring electrochromic layer and said transparent 
ion conductive layer thereon. 

62. A method for manufacturing an electrochromic 
device as set forth in Claim 61 , wherein said sput- 
tering proceeds in an atmosphere selected from the 
group consisting of water vapor and a mixture of 
water vapor and argon. 

63. A method for manufacturing an electrochromic 
device as set forth in Claim 62, wherein said sput- 
tering proceeds at a gas pressure of from 1 Pa to 20 
Pa both inclusive. 

64. A method for manufacturing an electrochromic 
device as set forth in Claim 63, wherein said sput- 
tering proceeds in an atmosphere of a mixture of 
water vapor and argon. 

65. A method for manufacturing an electrochromic 
device as set forth in Claim 64, wherein the mixture 
ratio of said water vapor to said argon is from 0.5 to 
20 both inclusive. 

66. A method for manufacturing an electrochromic 
device as set forth in Claim 65. wherein said sput- 
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tering proceeds at a gas pressure of from 1 Pa to 1 0 
Pa both inclusive. 

67. A method for manufacturing an etectrochromic 
device as set forth in one of Claims 61 to 66. 5 
wherein said sputtering is radio-frequency co-sput- 
tering using first and second targets. 

68. A method for manufacturing an electrochromic 
device as set forth in Claim 67, wherein input power w 
for said first target and/or said second target is 
changed during sputtering. 

69. A method for manufacturing an electrochromic 
device as set forth in Claim 67, wherein shutters are 15 
provided near said first target and said second tar- 
get respectively, and said shutters are arranged to 
alternately open or close. 
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